Coastal vulnerability Index (CVI), is one of the predictive approaches to coastal classification by incorporating various coastal variables. This approach is favoured in the coastal investigation as it simplifies a number of complex parameters. However, it comes greatly as to why such assessment is developed in the first place; a) to facilitate coastal management in recent coastal condition, b) to classify potential shoreline responses to future sea-level rise, and c) for management of data storage. Index development in coastal investigation is one of the present-day technique used to estimate the vulnerability of the coast and is affected by a diverse range of variables. The widespread use of contemporary technology nowadays has led to a favourable coastal component to be considered in determining coastal vulnerability and environmental risk analysis. Therefore, it must be guided by acknowledging appropriate data to be used at spatial scale of interest, the geomorphology of the area concerns and etc. USA and European countries like Northern Ireland are one of the forefront country in addressing the significance of CVI in protecting coastal area. A stepwise approach to development of CVI is discussed in detail in this paper. Besides, the potential of including coastal components based on special characteristic at particular coasts for coastal vulnerability analysis are also reviewed. CVI eventually will assist coastal communities in providing guidance for mitigation of coastal threats in future urban development.
INTRODUCTION
Sustaining coastal processes, which characterized by important ecological and natural value, are essential since they provide ecosystem service that is deemed important for human wellbeing (MEA, 2005; Ramieri et al., 2011) . A wide number of often conflicting-human activities in the coastal zone already intensify the interaction of coastal ecosystem. Climate change and sea level rise furthermore is placing increasing tension on coastal region which are severely affected by the major human activity over time. A relatively small increase in sea level could affect natural coastal systems (Din et al., 2019) . In particular, in 2100 the rise can be up to 1 m, affecting the coastal property zone where mostly people are living here in the near year 2040 (Hamid et al., 2018) .
Coastal vulnerability is established on the human conception and judgement concerning risk to various elements of the natural system from variety of sources (McFadden, 2007; McLaughlin and Cooper, 2010) . Coastal vulnerability is precipitated from the variability of physical, ecological and human characteristics thus prompted an effort to classify coasts using multidisciplinary information (LOICZ, 1995; Cooper and McLauglin, 1998) . To be understood by the non-specialist, earth scientist has developed numerous approaches for ease of understanding of complex, multivariate environmental data. This paper reviews published coastal vulnerability indices developed to assess and categorize response to progressive change in the dynamic of coastal zone around the world.
COASTAL VULNERABILITY INDEX (CVI)

Coastal Classification
Coastal classification from indices approach generally is based upon on the relative contributions of three groups: 1) Socioeconomic, 2) Coastal characteristics and 3) Coastal forcing variables (see Figure 1 ).
Figure 1. Variable classification for indices (modified from
McLaughlin and Cooper, 2010) According to McLaughlin and Cooper (2010) , the three elements of physical coastal characteristics, wave forcing and socio-economic characteristics contribute to overall vulnerability. These multidisciplinary variables, represented by diverse type of data literally complex in assembling for coastal vulnerability assessment. This index-based method simplifies a number of complex and interacting parameters is widely used to measure vulnerability of the coast globally.
Choosing Coastal Variables
Choosing coastal variables are actually very tricky. Previous study shows that numbers of variables in published CVI can vary dramatically. Back in time, past researchers believed that the more variables affecting the coast that taken consideration, the more correct will be the resulting zone (Dal Cin and Simeoni, 1989) . Williams et al. (1993) used around 54 variables to investigate the coastal dune vulnerability in Devon and Cornwall, however Quelennec (1989) used only three (3) principal variables to identify high-risk coastal areas in Europe. The notion to use as many variables as possible for coastal vulnerability assessment is not necessarily true since using many variables indicate risky correlation among the data (McLaughlin and Cooper, 2010) . Since then, in order to develop assessment at national scale, Thieler and Hammar-Klose (1999) employed six (6) physical variables that contributed to sea-level rise-related coastal changes; 1) geomorphology, 2) shoreline erosion and accretion rates (m/yr), 3) coastal slope (percent), 4) rate of relative sea-level rise (mm/yr), 5) mean tidal range (m), and 6) mean wave height (m), are used by scientists around the world as primary elements in investigating CVI. Each variable was assigned a relative risk value based on the potential magnitude of its contribution to physical changes on the coast as sea-level rises.
Nonetheless, as reported by Gornitz et al. (1993) , socioeconomic variables reckon to inherent cultural bias to the index since socio-economic variables are difficult to quantify. The inclusion of economic factors is the common recommendation made by scientists for improvement of indices McLaughlin, 1998) though McFadden (2007) suggests that integrating physical and socio-economic is ideals, to become a trans-disciplinary concept.
Index Ranking and Calculation
Each variable is assign to a rank to indicate its contribution to vulnerability. Hammar-Klose and Thieler (2001) ranked six (6) physical variables on a linear scale from 1-5 in order of increasing vulnerability due to sea-level rise. In other words, a value of 1 represents the lowest risk and 5 represents the highest risk. The database includes both quantitative and qualitative information. Thus, numerical variables are assigned a risk ranking based on data value ranges, while the non-numerical geomorphology variable is ranked according to the relative resistance of a given landform to erosion as shown in Table 1 . The index allows the six (6) physical variables to be related in a quantifiable manner. Once each section of coastline is assigned a risk value based on each specific data variable, the coastal vulnerability index is calculated as the square root of the geometric mean, or the square root of the product of the ranked variables divided by the total number of variables as:
( 1) where, a = geomorphology, b = coastal slope, c = relative sealevel rise rate, d = shoreline erosion/accretion rate, e = mean tide range, and f = mean wave height.
ACCESSING COASTAL VULNERABILITY INDEX
Around the world, the long-term goal of coastal vulnerability assessment is to predict coastal changes with a degree of certainty useful for coastal sustainable management (Thieler and Hammar-Klose, 1999 ). This information is vital for decisionmaking regarding coastal development in both the short and long-term. Pendleton et al. (2010) investigate CVI along the coast of Northern Gulf of Mexico, ranking the following primary six (6) physical variables from previously published data sources (from year 1985-2009), much like Thieler and Hammar-Klose (1999) . Table 2 shows CVI variables which include both quantitative and qualitative information. There is a difference in quantitative variable of coastal slope between Hammar-Klose and Thieler (2001) and Pendleton et al. (2010) , which based on actual value from their respective coastal slope information.
The calculated CVI values for the Northern Gulf of Mexico is based on NOS/NOAA water-level recorders for sea-level rise rate (Zervas, 2001) , geomorphology, shoreline change from Dolan et al. (1988) , wave height, coastal slope, and tidal. (2001), the calculated CVI values range from 1.2 to 39.5. The mean CVI value is 15.25; the mode is 7.3; and the median is 15.5. The standard deviation is 7.. Pendleton et al. (2010) shows an increase in CVI value range, mode and median and low standard deviation compared to Hammar-Klose and Thieler (2001) .
Nevertheless, the mapped CVI values show large areas of very high vulnerability, particularly along the Louisiana -Texas coast for both studies (see Figure 2 and 3). The highestvulnerability areas are typically lower-lying beach and marsh areas; their susceptibility is primarily a function of geomorphology, coastal slope and rate of relative sea-level rise.
On the Gulf of Mexico coast, much of the vulnerability is due to geomorphology and tide range; two variables which are ranked as generally high for the entire Gulf of Mexico region. (Pendleton et al., 2010) In the Northern Ireland, McLaughlin and Cooper (2010) investigate the implications of spatial scale in depicting coastal vulnerability assessment at three (3) different scales, national (Northern Island), local authority and site level. Three (3) different spatial resolution of the study area cause coastal variables to become obsolete as resolution increases to the local level. A greater level of detail is required at the local scale in order to distinguish between areas of potential vulnerability. Ultimately, at Northern Ireland Index level, the East Strand at Portrush is classified as being predominantly in the 40-60 vulnerability category, decreasing to 20-40 at regional level, at local scale, the beach is predominantly in the vulnerability range 0-20.
These results show that the scale of study determine different outcome at different scale; in which the area can be regarded vulnerable at one scale, but not at another. While the results between different scales cannot be directly compared, McLaughlin and Cooper (2010) normalised the index values at each scale so that each value is relative to the full range of values calculated at that scale. Eventually, this study features a nested approach to index development and reinforcing the importance of scale in determining policy response to vulnerability.
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-4/W16, 2019 6th International Conference on Geomatics and Geospatial Technology (GGT 2019), 1-3 October 2019, Kuala Lumpur, Malaysia Previously, as stated in Section 2.2, socio-economic variables tend to cultural bias to the vulnerability index since socioeconomic variables are difficult to quantify (Gornitz et al., 1993; McLaughlin and Cooper, 2010 (7) PCVI variables use to access physical coastal vulnerability which based on Palmer et al. (2011) . Economic variables as shown in Table 4 are originally obtained using Balica et al. (2012) indicator-based methodology where following assessment and trend analyses 20 initial parameters are reduced to the six consider most significant. Data is collected from various organisations regarding number of properties, economic value of location, current market prices, population and flooding frequency. These values are then used to determine economic thresholds and classifications 'extremely low', 'low', 'moderate', 'high' and 'extremely high', enabled a semi-quantitative assessment of fiscal vulnerability. Great Yarmouth's PCVI) is higher than its FCVI as shown in Figure 5 , but Aberystwyth's FCVI is higher than all eleven investigation sites. Great Yarmouth has the highest vulnerability according to CCVI value, because of its high population and rapid coastal infrastructure expansion.
Spurn Head has a high physical ranking but a low economic ranking, which is influenced by its sand and shingle spit morphology that is not conducive to construction and population growth. The Port Talbot and Llanelli regions are centred on industry, they contain large numbers of residential and commercial properties. However, these areas are generally protected by sea defences. Figure 5 . Representation of coastal vulnerability indices (Kantamaneni et al., 2018) The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-4/W16, 2019 6th International Conference on Geomatics and Geospatial Technology (GGT 2019), 1-3 October 2019, Kuala Lumpur, Malaysia Combining PCVI with FCVI transform our frequent way in assessing coastal vulnerability and eventually inform future planning and redevelopment decisions. Socio-economic and ecological components are very significant and requires consideration when assessing coastal zone vulnerability and management options. These aspects are subjects of on-going research, but this method of estimating vulnerability will ultimately allow cost-benefit analysis.
Archipelago countries like Indonesia have developed coastal vulnerability assessment by utilizing technological advances, from satellite imageries to Geographic information system (GIS). This technique actually revolutionized current CVI development as assessing conventional physical attributes from conventional methods is tedious and costly to implement. Loinenak et al. (2015) Meanwhile Semedi et al. (2016) determine the physical coastal vulnerability index using satellite imagery and GIS in coastal areas of Denpasar, Bali, Indonesia. The data sources are from satellite imagery of Landsat 8, Aster GDEM satellite imagery, TOPEX-Poseidon-Jason 1-Jason 2 satellite imagery whereas sea level and wave height variables source of data is from conventional method. They also weight each parameter to determine how much impact is generated by oceanographic factors such as wave.
Interestingly, Husnayaen et al. (2018) has accessed CVI by adding physical variable of land subsidence, which information are obtained from Synthetic Aperture Radar (SAR) of remote sensing data, the Advanced Land Observing Satellite (ALOS) Phased Array type L-band SAR (PALSAR). Husnayaen et al. firstly addresses identification of the primary variables influencing the coastal vulnerability and coastal evolution in general, a step that should be considered in deciding suitable physical components that influencing vulnerability of the coast. Besides, they also address land subsidence as one of the physical variables due to satellite altimeter only provides absolute sea level information.
Range of vulnerability information of this study follows Pendleton et al. (2010) (see Table 2 ) and compare CVI value of six (excluding land subsidence) coastal parameters with CVI of seven parameters. The coastal vulnerability as estimated by CVI significantly increases when the land subsidence parameter is included as illustrated in Figure 6 . Figure 6 . Comparison of the CVI in Semarang, Indonesia (a) 6parameters CVI (b) 7-parameters CVI (Husnayaen et al., 2018) Field survey is conducted for ground check and validation by applying Kappa coefficient (K hat ), which is often used in remote sensing validation to measure the agreement between interpretation and real condition in the field. They find out that the CVI 7 parameters are more suitable for coastal vulnerability in Semarang based on the agreement calculated between the CVI and field survey.
In Malaysia, CVI assessment is commonly regarded to assess coastal vulnerability along the coast of Malaysia. Mohamad et al (2014) develop a CVI along the coast of Peninsular Malaysia. Table 5 , they replace commonly use physical variable of coastal slope to maximum current speed. A total of 1963 km of coastline was evaluated and of this and the outcome indicates that 3.3% of the mapped shoreline is classified as category 5, these sites are southern stretches of Terengganu shoreline and northern reaches of Kedah shoreline as shown in Figure 7 . Results have shown that 11% of Peninsular Malaysia shoreline is classified as category 4 and 40 % as category 3.
Identification of physical variables that suitable for a certain coastal area based on its special coastal characteristic may have impacts on the coastal vulnerability assessment. Mohd et al. (2018) study aim to identify physical variables that suitable for Pahang's coast in order to develop CVI. Seven (7) physical variables have been identified to assess the CVI that consists of geomorphology, coastal slope, shoreline change rate, mean significant wave height, mean tidal range, relative sea level rate and land use. A comprehensive CVI was obtained by integrating the differential weighted rank values of the variables. > +8 +3 to +7 -1 to +3 -5 to -1 < -5 Mean tide range (m) > 3.5 3 -3.5 2.5 -3 2 -2.5 0 Significant wave height (m) <0.5 0.7 -1.4 1.4 -2.1 2.1 -2.8 >5 Figure 7 . Peninsular Malaysia CVI based on study by Mohamad et al. (2014) Based on classification method, the land use and land cover pattern of shoreline along the Pahang coastal have changed within 8 years period of 2006 until 2014. Based on in-situ observation, the main land use and land cover that exists along Kuantan to Pekan shoreline is an agricultural sector. The second dominant land use pattern is urban and commercial areas especially in the Kuantan city. District of Kuantan to Pekan is a quite less developed area except for Kuantan town at the north .
CONCLUSION
Coastal vulnerability assessment is vital for the insight into the relative potential of coastal changes everywhere. CVI can provide awareness towards the relative potential of coastal damage cause by sea-level rise. They, of necessity, rely on what data are available rather than what might be desired in an ideal world. Coastal index development has the capacity to be used in assisting with devising coastal policy. Additional potential physical variables should be taken into consideration in vulnerability assessment particularly in Malaysia, as Malaysia coastal area has a diverse geomorphological condition as well.
